Among young people who start using prescription pain relievers (PPRs) for feeling-states such as "to get high" or otherwise beyond boundaries intended by prescribers, the most recent epidemiological incidence estimates show 2%-9% with rapid-onset opioid dependence. In this work, we study recently active underage alcohol dependence as a susceptibility marker and estimate alcohol dependence-associated PPR rates of use, once use starts. In recent U.S. epidemiological samples, we identified 16,125 communitydwelling 12-to-20-year-olds with standardized assessments of both problem drinking and newly incident extra-medical PPR use. We applied zero-inflated Poisson (ZIP) regressions to estimate (a) alcohol dependence associations with susceptibility-to-persist after the very first occasion of extra-medical PPR use, and (b) the rate of PPR use, conditional on persistence. Underage drinkers with alcohol dependence were more susceptible to persistence in their extra-medical PPR use (p Ͻ .001). In addition, given susceptibility-to-persistence, there was an alcohol dependence-associated excess rate of extra-medical PPR use (risk ratio ϭ 1.3; 95% confidence interval ϭ 1.1, 1.6). Using ZIP regressions, we can see that underage alcohol dependence signals membership in a susceptible-to-persistence class of extra-medical PPR users and excess rates of extra-medical use. Underage drinking can be an indicator of greater vulnerability to start and persist in extra-medical use of PPR, particularly if presenting clinical features of alcohol dependence already are seen at or near time of first onset of such PPR use. For alcohol dependence-affected adolescent patients, nondrug pain management plans deserve consideration, with special surveillance if analgesic drugs are prescribed. Implications for genetic susceptibility research are discussed.
take PPR exactly as prescribed have not yet been published (Anthony, Warner, & Kessler, 1994) . The same focus on extramedical use has been sustained in recent community samples. For example, studying more than 8,000 U.S. adults with extramedical PPR use histories in [2005] [2006] , an estimated 14%-15% qualified as currently active cases of opioid dependence (Martins, Storr, Zhu, & Chilcoat, 2009) .
In more recent studies, attention was shifted to newly incident users in U.S. community samples of adolescents in [2002] [2003] [2004] [2005] [2006] [2007] [2008] [2009] [2010] [2011] [2012] [2013] . All of these young people had just started to use PPR extra-medically (within 1-12 months before assessment). According to estimates based on these newly incident PPR users, between 2% and 9% had progressed to the point of opioid dependence within a 12-month interval after first use. Slightly larger opioid dependence rates were found when extra-medical PPR use had started in early adolescence. For example, peak risk for a transition from start of extramedical PPR use to opioid dependence within 12 months was seen at midadolescence among 14-to 15-year-olds (Parker & Anthony, 2015 )-1 to 2 years earlier in adolescence than the peak risk for starting extra-medical PPR use (Meier, Troost, & Anthony, 2012) .
A history of alcohol involvement, including alcohol dependence, seems to be important in whether opioid dependence develops once extra-medical use starts (Reyes-Gibby, Yuan, Wang, Yeung, & Shete, 2015; Schepis & Krishnan-Sarin, 2008; Sung, Richter, Vaughan, Johnson, & Thom, 2005) . Among the unanswered questions is one about the timing of an alcohol dependence role. Namely, when does alcohol dependence start to function as a susceptibility marker or causal influence on progression from first extra-medical PPR use onward toward opioid dependence?
One possibility is that it has importance only in the earliest stages of extra-medical PPR involvement. For example, underage drinking might shape whether and when an adolescent has the first chance to experiment with PPR, as seems to be the case with chances to try cocaine (Wagner & Anthony, 2002) . Another possibility is that underage drinking and adolescent-onset alcohol dependence are not at all salient early in this progression. Alcohol dependence might accelerate an opioid dependence process only after opioid dependence symptoms have started to become obvious.
In research on drug use, there is a precedent for using a zeroinflated Poisson (ZIP) regressions approach to investigate the earliest stages of drug-taking once it starts. ZIP models are useful in this context for two main reasons. First, the ZIP models are consistent with a precision medicine concept that individuals or population subgroups might vary in their susceptibility to engage in persistence of drug use, once a drug has been administered. For example, we can posit a conceptual model with two latent classes of drug users. One class includes individuals who are susceptible to continue to use a drug, once it has been tried for the first time (although some of these susceptible-to-persist individuals are observed with no use during the observation interval, perhaps because the chance to try a second time has not yet occurred). The other class includes individuals for whom this susceptibility to persist is at or near zero levels (and all are observed with zero days of use after the first-time use). Second, the ZIP models make it possible to estimate subgroup variation in the rates of use within the class with a susceptibility-to-persist (e.g., number of days or occasions of use during a specified interval of time after first use, with an allowance for susceptible-to-persist individuals observed with zero days of use during the observation interval). In work along these lines, Barondess and colleagues looked for subgroup variations in progressions beyond the first occasion of tobacco cigarette smoking. They turned to the ZIP regressions model and were surprised to discover no male-female differences of importance. Once tobacco smoking started, females were just as likely as males to persist in smoking, and there was no appreciable malefemale variation in the smoking rate, given persistence (Barondess, Meyer, Boinapally, Fairman, & Anthony, 2010) .
The regular Poisson model might be just as useful as ZIP modeling when an observed distribution of counts of drug-using days has a mean equal to its variance (i.e., without an inflation of the number of observations at the lowest count). However, in our research to date we have not seen drug use count distributions that fulfill the M ϭ variance assumption required for regular Poisson modeling.
A few investigators have split the count distribution into two parts and have studied the characteristics of users who used one time only and have estimated the rates of use for individuals using more than one time. This two-part modeling approach has a serious flaw in its estimation of rates because the susceptible-to-persist individuals who have not yet taken the drug a second time are excluded from the denominators of the rates in the second part and are considered only in the first part. As just mentioned, rate estimation based on ZIP modeling is set up to include these susceptible-to-persist individuals who are likely to go on and try the drug a second time but have not yet done so before the end of the stated observation interval.
Readers might know individuals who have taken a prescribed opioid PPR, soon experienced a dysphoric or other reaction, and decided never to repeat the experience. Conceptually, these individuals might belong in the first ZIP class-that is, not susceptible to persist. For them, the first-time use is the first and last time the drug is used. Robust evidence of the existence of this class has been available since 1955, when Lasagna and colleagues described double-blind experiments with 20 opioidnaïve young men, who received injected solutions with placebo, heroin, and morphine administered in a random order on separate days. Still blinded to the identity of the drug, they answered a question about whether they would like to repeat the experience a second time. In the placebo trial, only one said he would not like to take that compound a second time (5%), and three said they would like a repeat. For heroin, the corresponding estimates were seven (35%) and four. As for morphine, the estimates were nine (45%) and two (Lasagna, Von Felsinger, & Beecher, 1955) .
Regarding our hypothesis about alcohol dependence as a determinant of whether use of the PPR persists after an initial experience, we have no evidence from human experiments, but we can offer a basic behavioral perspective. The opioid dependence process can be conceptualized as an early count process with an accumulating count of PPR-using experiences. To the extent that there is a reinforcement process when the PPR is used extramedically for the first time, a second-time use should be seen at some point; the PPR should be used again. Moreover, an alcohol dependence-affected subgroup of newly incident PPR users might be more likely to become engaged in what has been colloquially described as "chasing the high," rather than stopping at the firsttime occasion of extra-medical PPR use (Keegan & Moss, 2008 ). This document is copyrighted by the American Psychological Association or one of its allied publishers.
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An analogous theoretical formulation leads us expect the alcohol dependence syndrome to predict a higher rate of PPR use, conditional on persistence of such use. This line of research has some potential clinical implications. Evidence on the alcohol dependence hypothesis might prove to be useful to pediatricians or other physicians prescribing opioids for pain relief. Knowledgeable about evidence of alcohol dependenceassociated excess risk in the earliest stages of PPR experience, they might be prompted to prescribe nondrug or over-the-counter alternatives for pain relief in their patients with histories of problematic alcohol use. Or, office-dispensing might be constrained to few opioid PPR dosage units, with a trip to the pharmacy required if more units are needed.
Launching this study, we expected alcohol dependence cases to be underrepresented among young people who engage in extramedical use of PPRs a single time and then never try PPR use a second time (i.e., alcohol dependence cases would be more likely to engage in repetitive drug use) and to be overrepresented among those observed to persist. Second, among those who have engaged in extra-medical PPR use one time only, we conceptualized two latent classes: (a) one subclass of users who are "not-susceptibleto-persistence," by virtue of which they never use again, and (b) a second class of users who are "susceptible-to-persistence," and who already have been observed to progress beyond the first-time use or who might be expected to progress if follow-up assessments extend beyond the currently observed interval.
Method

Research Design and Study Population
The research design involved an epidemiological cross-sectional survey approach, with ascertainment of newly incident extramedical PPR users in adolescence-that is, all use starting within 24 months prior to the survey assessment date. The study population consisted of noninstitutionalized U.S. civilian community residents aged 12 to 20 years old (2005) (2006) (2007) (2008) (2009) (2010) (2011) (2012) (2013) (2014) .
Samples
Multistage area probability samples were drawn and recruited for U.S. National Surveys on Drug Use and Health (NSDUH) completed in each of the survey years. Consent/assent procedures governed by institutional review board-approved protocols produced acceptable participation levels (generally Ͼ70%). The Substance Abuse and Mental Health Data Archive (SAMHDA) NSDUH public use data sets made available large subsamples of each independently drawn survey sample (n ϭ ϳ55,000 yearly). Detailed methods descriptions are available in online reports (e.g., http://www.samhsa.gov/data/population-data-nsduh/reports). Data from 2015-2016 have not been included because of major NSDUH methodology changes after 2014. This article is intended solely for the personal use of the individual user and is not to be disseminated broadly.
31,182 who had ever used an extra-medical PPR, and 18,911 started their use within 24 months before assessment. A relatively small fraction (n ϭ 2,786) had missing data (e.g., on days of use) and were excluded. Remaining were 16,125 newly incident extramedical PPR users in adolescence, all with extra-medical PPR use starting within the past 24 months.
Measures
NSDUH assessments were completed via audio computer selfinterviews. Each interview covers multiple standardized multiitem modules on background variables (e.g., sex, age), drug use, and health topics. Newly incident users were defined by comparing each individual's year of first extra-medical PPR use with the year of assessment for a value of Յ24 months. To illustrate, the NS-DUH survey asked, "Did you first use any prescription pain reliever that was not prescribed for you or that you took only for the experience or feeling it caused in [year-1] or [year]?" and "In what month in [year] did you first use any prescription pain reliever that was not prescribed for you or that you took only for the experience or feeling it caused?" For this study, the outcome variable was the number of days of use of extra-medical PPRs during the 12-month interval before self-report assessment. Participants were asked, "Now think about the past 12 months, from [survey date] through today. We want to know how many days you've used any prescription pain reliever that was not prescribed for you or that you took only for the experience or feeling it caused during the past 12 months."
The exposure of interest was recently active alcohol dependence, measured via the NSDUH multiitem module based on the Diagnostic and Statistical Manual for Mental Disorders, Fourth Edition (DSM-IV; American Psychiatric Association, 1994). We combined DSM-IV alcohol dependence responses with the alcohol recency survey question that asked, "How long has it been since you last drank an alcoholic beverage?" Respondents could answer "Within the past 30 days," "More than 30 days ago but within the past 12 months," "More than 12 months ago," or "Never used alcohol." The recently active underage alcohol dependence cases, as observed, were contrasted with three other forms of underage alcohol involvement: (a) never drank in lifetime (reference subgroup), (b) drank in lifetime but not in the past year and no active alcohol dependence, and (c) drank in the past year but no active alcohol dependence.
Statistical Analysis
Standard Poisson "count" regression modeling enables estimation of the degree to which co-occurring alcohol dependence might be associated with a young person's rate of extra-medical PPR use during the initial 1-year interval after onset of such use. When there is an inflation of the number of zeroes in a standard Poisson distribution, it is possible to specify a two-equation generalized linear model with an initial equation to express zero-inflation as a function of potentially explanatory covariates.
Our first analysis steps involved counting up the number of days of extra-medical PPR use during an interval of observation that started once newly incident extra-medical PPR use had occurred and plotting the frequency distribution of these counts. Doing so, we found that 39.3% of the newly incident users had engaged in extra-medical PPR use on one and only one occasion; thereafter zero use. This 39.3% value disclosed a zero-inflation, relative to the number of zeroes expected in a regular Poisson distribution, which prompted ZIP modeling using the two interrelated regression equations. In other words, the "persistent-use count" was zero-inflated by the "susceptible-to-persistence" users who were observed before they have tried a PPR on a second day after the day of first-time use. (These individuals might wish to try again, but perhaps there has been no local availability of PPR, and their use by the assessment date has been restricted to a single occasion.)
The ZIP "inflate" equation. The first of two ZIP equations indexes subgroups or "subclasses" that are more or less likely to be "not-susceptible-to-persistence" users, and for whom the observed data indicates zero PPR-using days after the first trial extramedical use of PPR. This ZIP equation can be called an "inflate" equation, which serves as a reminder that this equation can be used to show which subgroups are contributing to an inflation of the count of zeroes (Hilbe, 1999) . Membership in the "not-susceptibleto-persistence" class versus the "susceptible-to-persistence class" is binary, so the familiar logistic regression model provides slope estimates for each covariate of interest. These estimates can be exponentiated to yield a familiar odds ratio (OR) as a measure of association.
The ZIP "count" equation. The second ZIP equation serves to disclose variation in rates of extra-medical PPR use, given membership in the "susceptible-to-persistence" class. This equation resembles the standard Poisson "count" regression equation. As with standard Poisson regression, this count equation serves to estimate event rate ratios (RRs) in a contrast of alternative subgroups, such as alcohol dependence cases versus noncases. In the ZIP context, RR estimation is conditional on "susceptible-topersistence" class membership. Solving the "count" equation yields the estimates on the natural log scale. After exponentiation, the resulting familiar RR conveys the degree of excess or reduced rate of PPR use in each subgroup of interest versus a designated reference subgroup-here, the rate for alcohol dependence cases versus the rate for alcohol dependence noncases.
Analysis plan. We started with covariate terms for alcohol involvement and for survey year in the initial ZIP regression model. Then, we introduced sex and age covariate terms. Both age and age-squared were included because the relationship between age and number of PPR-using days was expected to be nonlinear (i.e., as aged increased, the number of PPR-using days would taper).
Several postestimation analyses were used to consider ancillary research questions about female-male differences and potential cannabis involvement (i.e., cannabis use before first PPR use). The predictive model was kept simple enough for use in clinical and public health practice with individual patients, and this exploration did not extend to include potentially explanatory variables that might not be routinely measured in the practice setting, such as school achievement, current employment, disposable income levels, or other drug use. [We note that these other variables actually might be determined by extra-medical PPR use and would represent model misspecification]. In addition, we wanted to consider the subpopulation of young adults who started using extra-medical PPR use within the past 12 months to examine whether the This document is copyrighted by the American Psychological Association or one of its allied publishers.
relationship with PPR-use days and alcohol involvement stayed consistent. All analyses were conducted using Stata Version 14 software procedures for ZIP models and complex analysis-weighted survey data (Stata Corp, 2015) . These steps addressed the NSDUH complex sample design, interdependence of survey observations, and analysis weights, with "subpopulation" focus on 12-to 20-year-old newly incident extra-medical PPR users. We stress precision of the informative study estimates with a focus on 95% confidence intervals (CIs); p values may aid interpretation and inference.
Results
Among U.S. 12-to 20-year-olds with no prior extra-medical use of PPRs, an estimated 2.7% qualified as newly incident extramedical PPR users. Table 1 describes study sample characteristics for these young newly incident users (unweighted n ϭ 16,125), with mean age at 17 years old and male-female balance. Overall, roughly 12% had never consumed alcohol, while an estimated 12% qualified as recently active cases of alcohol dependence. Race/ ethnicity distributions are unremarkable. ZIP estimates reported below changed little with race/ethnicity adjustment (data not shown in a table) . Table 2 provides a display of covariate-adjusted estimates from the ZIP inflate equation and from the ZIP count equation with respect to our primary hypothesis about alcohol dependence and the persistence of extra-medical PPR use once it starts. Estimates from the unadjusted (Model 1) and adjusted models (Model 2) were similar. The inflate estimates speak to membership in the "not-susceptible-to-persistence" class, with never-drinkers as the reference category. Alcohol dependent users and nondependent recent drinkers were less likely to be in the "not-susceptible-topersistence" class (ORs ϭ 0.5 and 0.8; 95% CIs [0.4, 0.6] and [0.7, 0.9], respectively; Model 2). Underage drinkers who drank in the past but not recently were more likely to be in the "not-susceptibleto-persistence" class versus never-drinkers (OR ϭ 1.5; 95% CI [1.2, 1.9]; Model 2).
The ZIP count equation of Table 2 provides evidence that the alcohol dependent extra-medical PPR users had a higher rate of extra-medical PPR use compared with never-drinkers, conditional on being "susceptible-to-persistence" (RR ϭ 1.3; 95% CI [1.1, 1.6]; Model 2). The corresponding RR estimate for past drinkers with no alcohol dependence also is 1.3, but the 95% CI included the null value of 1.0 (95% CI [1.0, 1.7]; Model 2). For recent drinkers with no alcohol dependence, the RR estimate is essentially null (95% CI [0.8, 1.1]; Model 2).
After working through our alcohol dependence focus, we turned to a series of postestimation exploratory analysis steps, which started by introducing a covariate for cannabis use that predated extra-medical PPR use (an attribute of ϳ4% of this study's newly incident extra-medical PPR users). This cannabis covariate did not predict membership in the "not-susceptible-to-persistence" class (p ϭ .085). Cannabis history did predict an increased conditional rate of extra-medical PPR use (p ϭ .025; data not shown in a  table) .
Then, we considered estimates from a ZIP model with no covariate adjustment for level of alcohol involvement, in which we found that being male was not a predictor of "susceptibleto-persistence" class membership (Table 3) . For the most part, the odds of membership in this class did not vary with age per se, but the statistical model showed a somewhat better fit with the age-squared term, which allowed odds of class membership to be modestly elevated at the larger age values (p ϭ .034; Table 3 ).
Next, we estimated variation in number of days of extra-medical PPR use during 12-months, which had a mean of approximately 20 days accounting for all newly incident users (see Table 1 ). Table  4 shows alcohol-related variation in days of extra-medical PPR use, with largest values for alcohol dependence cases (29 days vs. This article is intended solely for the personal use of the individual user and is not to be disseminated broadly.
ϳ18 -19 days). Setting a threshold of two days, we found that almost two thirds (66%) of underage alcohol dependence-affected extra-medical PPR users exceeded that level, but only 52% of noncases did so.
In a final step, we limited our sample to the 6,435 young people who had started using extra-medical PPR within the past 1-12 months (rather than 1-24 months). The purpose was to learn whether some individuals might have started use more than 12 months before assessment, persisted with repeated uses during the next proximal months, but subsequently used just one time in the 12 months prior to assessment, and then stopped altogether. As such, these individuals would be counted as PPR users who used once and only once during the 12 months prior to assessment. We suspect that this is a relatively small number of individuals, especially if they are affected by active alcohol dependence. Nevertheless, the set might exist because the survey items on days of use during the 12-month interval before assessment are "gated" and are not asked unless there has been at least one occasion of use during that 12-month interval. If the set is large, the result would be an even greater than expected zero inflation in the count distribution, and the cause of this component of zero-inflation would be individuals who actually were susceptible-to-persist but failed to continue to use more than one day during the 12 months prior to assessment.
This sensitivity analysis confirmed our initial hypothesis about alcohol dependence and being susceptible-to-persist. Its results show alcohol dependent users, as well as nondependent recent drinkers, as less likely to be in the "not-susceptible-to-persistence" class (ORs ϭ 0.4 and 0.8; 95% CIs [0.3, 0.6] and [0.6, 0.9], respectively). However, given a reduced statistical power because of the more restricted numbers of cases in this sensitivity analysis sample, the estimated conditional rates of extra-medical PPR use did not vary across the alcohol involvement categories (all p Ͼ .05; data not shown in a table).
Discussion
For this work, to focus attention on intermediate steps that occur in-between the first-time extra-medical PPR use and the occurrence of opioid dependence, we turned to the ZIP regressions approach. In order to evaluate the proposition that underage drinkers with alcohol dependence might be more susceptible to persist in their extra-medical PPR use once it starts, we studied nationally representative U.S. samples of 12-to 20-year-olds who had just Note. OR ϭ odds ratio; CI ϭ confidence interval; RR ϭ rate ratio. Data from the National Surveys on Drug Use and Health, United States, 2005-2014. a Model 1 included terms for alcohol involvement and survey year. b Model 2 included terms for alcohol involvement, age, age-squared, sex, and survey year. Neither sex nor age/age-squared were required for inclusion in the inflate part of the model (p Ͼ .05).
c OR estimate from the inflate part of the model (transformed log odds of being a member of the not-susceptible-to-persistence class).
d RR estimate from the count part of the model, conditional on susceptible-to-persistence class membership. This article is intended solely for the personal use of the individual user and is not to be disseminated broadly.
started their extra-medical PPR use. We discovered that recently active alcohol dependence in underage drinkers is a susceptibility marker and may help account for persistence in extra-medical PPR use, once it has started-that is, at a quite early stage in the process that can lead toward opioid dependence. In addition, the alcohol dependence-affected underage drinkers are seen with higher rates of extra-medical PPR use given their susceptibility to persist beyond the first occasion of extra-medical PPR use. Ancillary discoveries might be of importance. Evidence suggests no male-female differences for those newly incident 12-to 20-year-old extra-medical PPR users, consistent with prior evidence on this topic (Seedall & Anthony, 2013) . Nevertheless, this work also disclosed a cannabis implication not previously identified. Namely, young people who had used cannabis before their initial PPR use were more likely to be members of the susceptibleto-persistence class. Here, it is possible that cannabis use reflects social or neighborhood circumstances mentioned in our introduction, such as local area availability of a supply of PPR, in that antecedent cannabis use was not associated the conditional rate of extra-medical PPR use. This evidence extends early cannabis-PPR sequencing ("gateway") studies that were reported decades ago (Yamaguchi & Kandel, 1984a , 1984b .
We encountered an unanticipated ancillary result-namely, an increased odds of membership in the "not-susceptible-topersistence" class for the subgroup of past drinkers who drank at least once but not in the past year, with an elevated rate of PPR use given persistence. We can offer little more than speculation about this finding. One speculation that might be investigated involves student athletes who sign pledges not to drink, but whose injuries set up chances for escalating PPR doses beyond what a prescriber intended (Veliz, Epstein-Ngo, Austic, Boyd, & McCabe, 2015) . Another speculative possibility is that these are individuals who tried alcohol, did not like the experience, and would not like to repeat drinking again, with something similar happening when they started using opioid PPR extra-medically. These also could be adolescents living in what might be characterized as "desert" conditions with respect to drug-taking experiences. They tried alcohol one time and they later tried extramedical PPR use one time, and they simply have not experienced another chance to repeat the experience, even though they might like to do so. Yet another speculation is that they progressed fairly rapidly from first drink to alcohol problems, stopped drinking, then tried PPR and realized that persistence of PPR use might mean new and unwanted PPR problems akin to the alcohol problems they have been trying to avoid by not drinking. Of course, the most parsimonious explanation is that this is an unexpected fluke statistical finding of the study, never to be reproduced in any future study of this type. Before taking any of the speculations seriously, we think it will be important to show reproducibility. In addition, given membership in the susceptible-to-persistence class of extramedical PPR use, there was no significant excess rate of extramedical PPR use for past drinkers. In constraining the analysis to young people whose onset of extra-medical PPR began in the past year, we also did not find a higher rate of PPR use based on alcohol involvement. It may be that one year is not enough time to capture an acceleration in extra-medical PPR use for recent drinkers.
Before detailed discussion, some strengths and limitations should be noted. These new epidemiological findings are from a large well-measured sample of young people with newly incident extra-medical PPR use. All newly incident extra-medical PPR users under study were identified via cross-sectional nationally representative surveys. Longitudinal extension of this research, building from these initial estimates, will be useful. However, longitudinal studies will face complexities not encountered here, such as sample attrition and measurement reactivity that sometimes complicate repeated measures research (Meier et al., 2012; Seedall & Anthony, 2015) . We are mindful that this was a study of relationships observed in one-time survey assessment data. To check on the possibility that extra-medical PPR use actually predated onset of drinking in this adolescent sample, we compared the onset ages and found that 97% of newly incident extra-medical PPR users started drinking before extra-medical PPR onset.
A potential complication for both cross-sectional and longitudinal research is left-truncation such that some newly incident extra-medical PPR users in the population are not observed in the sample. For example, in any population's newly incident users, fatal overdose at first "trial" use implies missed nonpersistent users. However, fatal overdose seems to be a fairly remote event relative to frequency of extra-medical PPR initiation. Another primary origin of left-truncation can be rapid incarceration in a correctional institution or the start of long-stay hospitalization (possibly connected with rapid onset of severely disabling opioid This document is copyrighted by the American Psychological Association or one of its allied publishers.
dependence). These instances are quite rare in a community sample of young people year by year, as are the rapid "institutionalization process" and nonparticipation of those who are included in the sample but do not participate (i.e., missed persistent users). Furthermore, self-report measurement artifacts might prompt overreporting of zeroes when respondents recall drug use over a 12-month interval (United States Department of Health and Human Services. Substance Abuse and Mental Health Services Administration, 2010). ZIP models are useful for a count outcome with excess zeroes and have been used to study patients seeking treatment in a given year, including estimation of treatment-seeking rates conditional upon the initial treatment episode (Bohning, Dietz, Schlattmann, Mendonca, & Kirchner, 1999; Mullahy, 1998) . As mentioned, the most recent tobacco applications used ZIP models to estimate smoking rates conditional on membership in the latent class of those "susceptible-to-persistence" of smoking (Barondess et al., 2010; Hardin & Hilbe, 2007; Hilbe, 1999; Liu & Powers, 2007) . In our population of newly incident adolescent extra-medical PPR users, the ZIP model handled the excess probability of zeroes better than alternatives we evaluated, such as the negative binomial model.
With respect to our findings, we note an implication that underage alcohol involvement, including alcohol dependence, might be a signal of future hazards when PPRs are prescribed. Given an observed excess in the conditional probability of becoming dependent on extra-medical PPRs when alcohol is involved, the origins of the dependence process might be traced back to the earliest stage of extra-medical PPR use (Vsevolozhskaya & Anthony, 2015) . Moreover, in newly incident users, genetic susceptibility traits might be important as soon as the first opioid use occurs and might govern acceleration in the trajectory of PPR use (i.e., with an increased rate of extra-medical PPR days of use).
Our findings set the stage for future research on the important topic of extra-medical PPR use, but also might be useful when applied in research on drugs such as cannabis and cocaine. With shorter follow-up intervals (e.g., under 1 year, possibly monthly), it will become possible to approximate what might be found in both nationally representative samples and health plan settings to encompass both medically prescribed and extra-medical PPR use. Future research will clarify the hypothesized roles of underage drinking and alcohol dependence, as well as susceptibility traits such as chronic and acute pain, or characteristics such as peer and family histories of extra-medical PPR use, and SNPs or gene influences and gene-environment interactions. Applied here for the first time in research on alcohol dependence and underage drinking as potential susceptibility markers in the earliest stages of progression from the first extra-medical PPR use toward opioids dependence, the ZIP regressions approach also should prove to be useful in studies that lead toward precision medicine and evaluation of genetic susceptibility traits when clinicians who treat adolescents must make a selection from among alternative prescriptions for pain relief.
Conclusions
There now is more intensive clinical surveillance to detect extra-medical PPR use, as well as downregulation of prescribing PPRs for young people, in an effort to shape modifiable practical public health practices in response to the opioid overdose epidemic in complement with epidemiological evidence of the type presented here (Jones, Paulozzi, & Mack, 2014) . Current guidelines for clinical diagnosis, therapeutics, and case management permit opioid prescribing for pediatric patients in some carefully judged contexts of pain relief. However, these guidelines do not yet explicitly address underage drinking, alcohol dependence, or other potential vulnerabilities of adolescents susceptible to persistent extra-medical PPR use. Some research suggests underage drinking is not a prominent issue in these prescribing decisions (Chou et al., 2009; Dowell, Haegerich, & Chou, 2016) . This study's evidence suggests that underage drinking should not be neglected when clinicians, teachers, parents, and other caregivers learn that an adolescent has started to engage in extra-medical use of PPRs. When pain relievers are prescribed for an adolescent patient, the patient's history of underage drinking and alcohol dependence deserve consideration.
